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NASA Langley Flight Test Program - Questions and Answers

Q: WALT OVEREND (Delta Airlines) - How do you judge go. no go decisions on the
airplane before you penetrate a microburst? What parameters are vou working from?

A: MIKE LEWIS (NASA Langley) - We establish a reflectivity limit over which we won't
go through and we'll use the standard weather radar for that tunction. There will be a tairly
rough reflectivity limit corresponding to the red level on the standard radar which is about
40 10 50 dBZ. For lightming avoidance, in general we're not going to stay away from all
lightning but certainly areas of severe lighting activity we will avoid. For that we will use a
lightng detector storm scope to be installed on the aircraft. We will be operating at
locatons covered by TDWR and will be relying on up linked TDWR information to
determine whether or not the microburst strength is over the penetration threshold. We will
also use their support for hail detection and avoidance in addition to the standard weather
radar for that function. Additionally, we will have a number of wind shear sensors on the
aircraft and to the degree that we have some operational confidence in those sensors we'll
also use those, albeit research pieces of equipment for determining the limits over which we
won't fly through. Lastly, there is pilot's discretion, everything is up to the guy in the
front flying the airplane and anything that he's not comfortable flying through, for
whatever reason, the airplane won't go through.

Q: UNKNOWN - In regard to a lot of the accidents we've seen, the encounters are down
around 500 to 300 feet, as you go on with your test program are you planning on ying to
gather data down there, especially for the radar sensors?

A: MIKE LEWIS (NASA Langley) - Yes. The information I presented as to what our
final altitude limit will be was preliminary. That's still to be determined. We will be
determining that form the piloted simulations through the microburst models which will
show what kind of safety margins we have. However, I think as a general philosophy. we
don't need to be operating exactly on approach in the same configuration that a real
encounter would be. For test purposes, all we need to do is verify the function of the
experimental systems that we have on board. So we want to fly low enough to geta
healthy enough horizontal component of the shear but not necessarily put ourselves in a
situaion where we're flying through the maximum of that horizontal component down at
the 200, 300 foot level. So as long as we stay within a band that has enough of the
horizontal exposure and not totally a vertical component of the microburst we believe that
we can evaluate the function of these various instruments.

ROLAND BOWLES (NASA Langley) - We've taken great pains in both of the pulse
Doppler systems to provide pointing capability. When we are at 1500, in that vicinity, our
problem is to keep range gates out of the ground. We are probing all the way down. The
idea is to manage the antenna tilt in such a way as to not process range gates that are
intersecting the ground and picking up clutter, both moving and fixed. The point is the
remote sensors will be able to probe down. We can point the sensors, and we can slew the
sensors. It's not necessarily confined to looking in a very narrow cone in front of the

airplane.

UNKNOWN - I understand the safety constraints on that from the flight test standpoint. [
guess your answer leads to more questions. You say you're already running into range
problems of picking up ground clutter which are obviously going to get worse the closer
along the approach or lower altitude you're at.



ROLAND BOWLES (NASA Langley) - That's the key research question we are dealing
with, the whole emphasis in the radar develop program. The key thing is managing
antenna tilt in such a way that along with clutter suppression techniques at the signal
processing we can detect the wind shear, while de-emphasizing the contaminatng effects of
ground clutter. That's the research question. If we can't solve that problem then radar 1s
not a suitable solution. We think we can by managing antenna tilt as a function ot alttude.
always keeping the 3 db point of the antenna out of the ground. The trade off is, we dont
want 1o do that in such a way as to overlook the top of the outflow and therefore
underestimate the threat. That's the trade off. And the best way we get the answer to those
questions is to configure the system, fly and evaluate.

Q: UNKNOWN - [sn't there an obvious advantage to a ground based LLWAS type

approach over the airborne equipment in avoiding the look down clutter problem?

ROLAND BOWLES (NASA Langley) - I would think so because they're on the ground.
You're at least looking up a bit with your narrow beam antenna. These guys have spent
considerable effort, time, resource, money and agony, no doubt, in solving the clutter
return question. It's not a question of ground versus air. The policy has been set. There
shall be 47 radars deployed at major TCAs and there is an airborne equipment rule. The
point is, what is the airborne equipment technology that best does the job for the least
amount of bucks and makes incremental improvements in safety. I don't know what the
answer to that question is but we think we'll have more information to draw inference on 1t
after we finish our flight program with these three sensors.

UNKNOWN - Again, 750 feet seems a bit high. I'm still concerned about the issue of
where the down flow becomes outflow and to the extent that you are almost at that
transition altitude and that you are looking at pilot technique above and beyond the sensors.
or the pilot's ability to interface with the information in the flight deck. That's been an area
of difficulty, as you know for us, in the development of the wind shear training aid and
pilot technique and so forth, to recognize the safety concems. But it does seem there 1s
area below 750 feet that needs exploration.

ROLAND BOWLES (NASA Langley) - In the NASA program we're not looking at pilot
technique. We're using the airplane as a platform to hold the sensors. We're not looking
at recovery techniques or anything like that. Based on the totality of data obtained over the
many years of the test program the maximum outflow is, statistically, somewhere between
80 and 150 meters altitude and the half velocity point is 300 to 400 meters typically. So
there is plenty of signal and outflow aloft based on, [ would think now, hundreds of
measurements of microburst.

MIKE LEWIS (NASA Langley) - The preliminary limits that I was showing are only
applied when we've got a microburst out there that's over our threshold limit, the threshold
being around 0.1 or so. We will then impose a minimum alatude constraint. Below that
threshold we'll fly all the way down to touchdown. These sensors will be operational in
the research mode all the way down through touchdown even through microburst or
whatever other weather phenomena below the 0.1 level threshold. So there is still the
opportunity to detect and evaluate the sensor's performance all the way down to touchdown
within the flight test program.

BILL MELVIN (Airline Pilots Association) - 've got to speak to this maximum outflow
issue. This was an idea that was used to perpetuate the ground cushion theory myth of
microburst or downdrafts. That myth was that in a downdraft you didn't have to worry
about flying under it because it couldn't blow through the ground so there had to be a
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cushion down there. So, over the years people developed this idea that the maximum out
flow occurred somewhere around 300 feet, it's also called 100 meters. With that kind of
philosophy it means that it gets better below 300 feet. Therefore, the only reason the
airplane would hit the ground was that the pilot didn't fly it right. Albert Bedard and S. J.
Caplan have measured the maximum outflow, it's in AIAA paper, 87-0440, and thev found
that in the highest velocity downdrafts the maximum outflows occurred at about 10 meters,

roughly 30 feet above the ground.

ROLAND BOWLES (NASA Langley) - I agree with you Bill. [ don't know exactly where
it 1s, but [ know one thing, its got to got to go to 0 somewhere down there. It's justa

queston of how thick the boundary layer is.
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